The effect of certain chemotherapeutic agents upon the metabolism of human ascites and leukemic leukocytes was investigated.
Human leukemic blast cells show 2-3 times the respiratory activity of "chronic" cells. From a study of the effects of eight chemotherapeutic drugs upon the respiration of human leukemic leukocytes and human ascites cells, relative index of cell sensitivity was obtained.
The alkaloid, vinbiastine sulfate, and the alkylating agents, triethylenethiophosphoramide and nitrogen mustard, were found to be more toxic to human cancer cells than the antimetabolites, 6-mercaptopurine, 8-azaguanine, aminopterin, diazouracil, or prednisone. Stimulation of aerobic glycolysis was found for all chemicals except aminopterin (no effect) and nitrogen mustard (inhibition) .
No correlation between stimulation of lactic acid production and inhibition of respiration was found. Stimulation of lactic acid production could be produced under conditions where respiration was unchanged. Only nitrogen mustard differed in that inhibition of respiration always accompanied inhibition of lactic acid production.
Most chemotherapeutic agents tested are Pasteur effect inhibitors. An unusual stimulation of glucose disappearance to products unknown as yet was caused by 6- (2) . The point of this discussion is not merely semantics, but a recognition that tile descriptive nomenclature of therapeutic drugs is based upon arbitrary criteria which in no way convey the entire spectrum of effects which may be elicited in mammalian cells by these chemicals. it has been reported by Laszlo et at. (3) that the purine antagonist, 6-mercaptopurine, considered to be primarily an inhibitor of nucleic acid synthesis, has notable effects upon the aerobic glycolysis of human acute leukemic leukocytes. 
Results
The parameters measured were: (I) oxygen uptake as a measure of the respiratory activity, (2) aerobic formation of lactic acid as a measure of aerobic glycolysis, and (3) glucose disappearance or utilization as a measure of the total carbohydrate metabolic potential.
In Vitro Respiration of Human Cancer Cells
The respiration or oxygen uptake may be measured in a Warburg respirometer. Figure  1 is an example of human tumor cell activity. Under optimum conditions, the rate of oxygen uptake is linear with time; this is a condition of zero-order kinetics. Any condition which alters the rate of oxygen uptake but not the kinetics of the reaction will change the slope of the activity curve but not its shape. It can be seen in Fig. 1 that the effect of glucose added to tumor cells from pleural fluid of a patient with adenocarcinoma primary in the ovary is a depression of oxygen uptake to 54% of the rate found without added glucose. In another patient with the same diagnosis the depression caused by added glucose was to 78% of the value without glucose. This phenomenon is found in all animal tumors; it is called the Crahtree effect (9) .
It should be noted that human leukemic leukocytes show tile Crabtree effect, but not to any degree comparable to that seen with ascites cells. The measurement of the respiration of leukocytes is usually carried out in homologous plasma and the Crabtree effect was found to be only about 10%. The mechanism of the Crabtree effect is still ol)scure 
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The reason that human leukemic leukocytes do not exhibit this effect to as large a degree as ascites cells may be due to the fact that leukemic leukocytes are derived from a more physiological environment (homologous plasma) than are ascites cells.
The respiratory activity of human leukemic leukocytes is tabulated in Table 1 . The data for the ascites cells are omitted, as accurate cell counts could not be obtained.
However, for these 2 cases of adenocarcinoma primary in the ovary, the data were normalized to a "hematocrit" unit and upon that basis good agreement was found between the two samples.
The point of interest in Table 1 is the ready distinction between acute (high activity) and chronic states (low activity).
Each value represents a sample drawn at least one day apart from another. The relatively constant value obtained for each patient is a good indication of the reliability with which these calculations may be made. In the entries under Case 11 in the table, one of the three values was obtained one year later than the others.
It is noteworthy that the metabolic At this point, it is germane to present some data in the case where the chemical produces kinetic effects that require analysis of the activity time curves before inhibition can be quantitated. Figure  4 shows the control rate curve and that for the thio-qIPAtreated cells obtained from a patient with chronic myelogenous leukemia.
(Note that the thio-TEPA curve is made up of two zero-order parts.)
After 15 mm. the zero-order inhibition curve is apparent. Figure  5 shows the rate curves for both control and thio-TEPA--treated cells obtained from a patient with stem cell leukemia (acute). (Note that the thio-TEPA curve is made up of two parts.) Initially, there is stimulation of oxygen uptake well above that for the control. At 25 miii., the thio-TEPA curve intersects the control curve and subsequently a zero-order inhibition curve is obtained. The point to be made about the curves iii Fig. 4 and 5 is that the true inhibition would be underestimated if correction were not made for changing kinetic patterns. For example, in Fig. 5 , if the total oxygen uptake for 30 miii, of the control and treated cells are compared, the percentage activity calculated is equal to 80%. However, if the slopes of the two curves are compared after 25 mm., the ratios of activity of cells treated to control cells is equal to 53%. Figure  6 shows the control rate curve and that for thio-TEPAtreated cells obtained from a patient with chronic lymphatic leukemia. In this case, note that the oxygen uptake is above the control rate and also that this curve is logarithmic in nature. This is also represented in Fig. 7 where the percentage of control activity is plotted against time on semi-log paper.
The straight line which is thus obtained indicates a first-order reaction for the kinetics of inhibition. It is obvious that a chemical which produces inhibit.ion without affecting the order of the reaction with respect to the control reaction can readily be evaluated with respect to cell sensitivity; the concentra- 
The Effect of Chemicals upon Aerobic Glycolysis
it is well established that cancer cells convert glucose to lactic acid under aerobic conditions. The magnitude of lactic acid production may be seen in Table 3 . Only the white blood cells from a patient with a leukemoid reaction due to reticulum cell sarcoma gave rates far in excess of those found for the leukemic cells. It is of interest to note that the possibility exists that normal leukocytes may have the capacity to convert glucose to lactic acid under aerobic conditions.
The effect of chemicals on the aerobic glycolysis of human leukemic leukocytes in homologous plasma is shown in Table 4 , which is a representation of a typical experiment, and in Fig. 8 , which is a summary of all the data.
The data in Column 4 of The exception is aminopterin, which we have found to have little or no effect over the concentration range studied (Fig. 8) . Nitro- gei mustard will inhibit aerobic glycolysis, in general, though we have found instances
where it was without effect or even produced some stimulation.
A most important feature is the lack of correlation between effect of a chemical upon respiration (Table 4 , Column 5) and effect upon aerobic glycolysis.
In contrast to aminopterin, which shows no effect, 6-mercaptopurine at a concentration which shows no effect upon respiration produces a relatively large stimulation of lactic acid production. At the other extreme, nitrogen mustard inhibits both respiration and lactic acid production, while triethylenethiophosphoramide stimulates lactic acid production at concentrations at which it inhibits respiration.
The effect of chemical concentration niay best be summarized from the data given in Fig. 8 Since the data obtained for aerobic lactic acid production represent the total change effected over the experimental time period, the kinetics of the reaction cannot be evaluated. However, it is apparent that stimulation of lactic acid production occurs at chemical concentrations which do not have any effect on respiration.
But when inhibition occurs, as with the nitrogen mustard, it occurs only when there is inhibition of respiration.
Effect of Chemcals upon Total Carbohydrate Potential of Cancer Cells
A balance sheet was kept of the dissimilation of glucose in the presence and absence of chemicals.
In all instances, with the exception of 6-mercaptopurine-treated cells, the glucose which was used up during the experiment could be accounted for in terms of oxygen uptake and lactic acid produced.
In all the experiments in which 6-mercaptopurine was used there was a greater disappearance of glucose than could he accounted for as in the other instances. This effect showed up in some experiments when triethylenethiophosphoraniide was used. Tile effect of 6-mercaptopurine was also found to occur when cells from a transplantable chloromyeloid leukemia carried in Sprague-Bawley rats were tested; these results will be reported elsewhere. The effect of 6-mercaptopurine is so unusual that we will discuss it alone. A typical balance sheet is shown in 
Discussion
The respiratory activity of human leukocytes, within the limitations of our investigation, may be divided into two categories. The separation into two categories of high-activity group and low-activity group is easily achieved because the differences between groups is quite marked, the activity of the former being 2-3 times the latter. The mechanism of action of 6-mercaptopurine is under investigation.
